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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a substance having biological activity, such as anticancer activity, antiallergic 
activity, immunopotentiating activity, and antioxidation activity, obtained from at least one edible mushroom selected 
from Lentinus edodes, Flammulina velutipes, Hypsizygus marmoreus, Pteurotus ostreatus, Grifola fondosa, Volvarieila 
speciosa ver. speciosa, Pholiota nameko, Lyophllum decastes, Blanc du pays, Tricholoma matsutake, and Bracket 
fungisuch as Ganoderma iucidum and Phellinus yucatensis (Phellinus linteus), a process for producing the substance, 
and a preparation containing the biologically active substance. 

BACKGROUND ART 

[0002] The present inventors have conducted extensive studies on biological activity of mushrooms for many years. 
It is known in the art that some species of mushrooms exhibit biological activity such as anticancer effects, immuno- 
potentiating effects, antioxidative effects, hypotensive and hypoglycemic effects. However, mushrooms haying no or 
only a small degree of activity are also advertised as being very efficacious and put on the market. 
[0003] The present inventors have found that the anticancer effects of mushrooms originate from polysaccarides 
contained therein from the research results based on a mass of research data, and have conducted studies on a glucan 
which is the polysaccaride contained in mushrooms. However, the present inventors have found that the glucan, which 
is a pure simple polysaccaride, exhibits activity by injection, but does not exhibit effects by oral administration. 
[0004] Since the administration by injection can be carried out only in the hospital or the like and oral administration 
causes a person less pain, provision of active components from mushrooms effective through oral administration has 
been strongly demanded. 

[0005] Accordingly, an object of the present invention is to provide a method for efficiently extracting a biologically 
active substance exhibiting biological activity such as anticancer activity and immunopotentiating activity through oral 
administration from mushrooms containing a high concentration of such a substance, and a preparation containing the 
biologically active substance suitably prepared for use. 

DISCLOSURE OF THE INVENTION 

[0006] As a result of extensive studies to achieve the above object, the present inventors have found that fruit bodies 
and/or mycelia of ediblemushrooms contain a large amount of active substances effective through oral administration. 
The active substances effective through oral administration are contained in an extract of the mushrooms with water, 
a hydrophilic solvent, or a mixed solvent of these. The present inventors have found that a fraction having a specific 
molecular weight range obtained by removing low-molecular-weight and high-molecular-weight fractions from the ex- 
tract using a molecular sieve method exhibits excellent biological activity. This finding has led to the completion of the 
present invention. 

[0007] Specifically, the present invention provides a biologically active substance EEM-S obtained by extracting at 
least one mushroom selected from Lentinus edodes, Flammulina velutipes, Hypsizygus marmoreus, Pteurotus ostrea- 
tus, Pholiota nameko, Grifola fondosa, Volvarieila speciosa ver. speciosa, Lyophllum decastes, Blanc du pays, Tricholo- 
ma matsutake, Ganoderma Iucidum, and Phellinus yucatensis (Phellinus linteus), with water, a hydrophilic solvent, or 
a mixed solvent of these, and collecting a fraction having a molecular weight of 6,000-60,000 from the extract using a 
molecular sieve method. 

[0008] The present invention also provides a process for producing the biologically active substance EEM-S. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a view showing an ultraviolet and visible absorption curve of a biologically active substance EEM-SB 
obtained in Example 1 , in which the solvent is water. 

[0010] FIG. 2 is a view showing an ultraviolet and visible absorption curve of a biologically active substance EEM-SS 
obtained in Example 2, in which the solvent is water. 

[001 1 ] FIG. 3 is a view showing an ultraviolet and visible absorption curve of a biologically active substance EEM-SM 
obtained in Example 3, in which the solvent is water. 

[0012] FIG. 4 is a view showing an ultraviolet and visible absorption curve of a biologically active substance EEM-SN 
obtained in Example 4, in which the solvent is water. 

[0013] FIG. 5 is a view showing an ultraviolet and visible absorption curve of a biologically active substance EEM-SE 
obtained in Example 5, in which the solvent is water. 
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[0014] FIG. 6 is a view showing an infrared absorption curve of the biologically active substance E EM-SB obtained 
in Example 1 measured using an ATR method. 

[0015] FIG. 7 is a view showing an infrared absorption curve of the biologically active substance EEM-SE obtained 
in Example 5 measured using an ATR method. 
5 [0016] FIG. 8 is a chart showing 1 H-NMR (D 2 0) of the biologically active substance EEM-SB obtained in Example 1 . 
[0017] FIG. 9 is a chart showing 1 H-NMR (D 2 0) of the biologically active substance EEM-SE obtained in Example 5. 
[0018] FIG. 10 is a chart showing 13 C-NMR (D 2 0)of the biologically active substance EEM-SB obtained in Example 1 . 
[001 9] FIG. 1 1 is a chart showing 13 C-NMR (D 2 0) of the biologically active substance EEM-SE obtained in Example 5. 

10 BEST MODE FOR CARRYING OUT THE INVENTION 

[0020] The biologically active substance EEM-S of the present invention is obtained by extracting, with water and/ 
or a hydrophilic solvent, a finely ground product of fruit bodies and/or mycelia of at least one edible mushroom such 
as Lentinus edodes, Flammulina veiutipes, Hypsizygus marmoreus, Pleurotus ostreatus, Pholiota nameko, Grifola fon- 
ts dosa, Volvariella speciosa ver. speciosa, Lyophllum decastes, Blanc du pays, Tricholoma matsutake, Ganoderma lu- 
cidum, or Phellinus yucatensis (Phellinus linteus) (hereinafter referred to as "mushroom"). As the hydrophilic solvent 
used for extraction, a lower alcohol having 1-4 carbon atoms is preferably used. 

[0021] A fraction containing the biologically active substance EEM-S is extracted from the mushroom by adding an 
appropriate amount of water or a hydrophilic solvent such as a lower alcohol to the raw material mushroom, and 
20 extracting the fraction under reflux at a temperature of 80-98°C, and preferably 90-98°C in the case of using water, for 
about 1-4 hours, and preferably 2-4 hours, for example. The amount of solvent used for extraction is about three to 
ten times the weight of the mushroom. 

[0022] After optionally separating solid impurities from the resulting extract by filtration or the like, the solvent is 
evaporated under reduced pressure to obtain a solid extract. 
25 [0023] The solid extract thus obtained exhibits activity through oral administration and may be used as is. However, 
the activity can be increased by using a fraction having a molecular weight of 6,000-60,000 obtained by removing an 
unnecessary portion from the extract using a molecular sieve and concentrating the resulting product under reduced 
pressure as the biologically active substance EEM-S. 

[0024] As the molecular sieve used for the above purpose, a molecular sieve membrane (flat membrane), hollow 
30 filter membrane, permeable membrane, molecular sieve chromatography, and the like can be given. The biologically 
active substance EEM-S may be separated by appropriately applying a method using these molecular sieves. 
[0025] A method of separating the biologically active substance EEM-S is described below taking a case of using a 
module-type hollow filter membrane as an example. The extract of the mushroom with water and/or a hydrophilic 
solvent (fraction containing the biologically active substance EEM-S) is treated using a low-molecular-weight fraction 
35 membrane module such as AIP-3013, AIP-2013, or AIP-1010 (manufactured by Asahi Kasei Corporation) to remove 
low-molecular-weight substances (substances having a molecular weight of 6,000 or less). The concentrate from which 
the low-molecular-weight substances are removed is treated using a high-molecular-weight fraction membrane module 
such as AHP-3013, AHP-2013, or AHP-1010 (manufactured by Asahi Kasei Corporation) to remove high-molecular- 
weight substances (substances having a molecular weight of 60,000 or more). The resulting solution is concentrated 
using a low-molecular-weight fraction membrane module. A biologically active substance EEM-S having a molecular 
weight of 6,000-60,000 is obtained in this manner. 

[0026] In the case of using the molecular sieve method, the molecular weight may differ from the molecular weight 
determined using other methods, since the substances are sifted differently depending upon the shape of the molecules . 
In the present invention, the molecular weight refers to a molecular weight determined using the molecular sieve meth- 
45 od. More precisely, the molecular weight on the low-molecular-weight side is a value measured using AIP-3013 or a 
low-molecular-weight fraction membrane module equal to AIP-3013. Similarly, the molecular weight on the high-mo- 
lecular-weight side is a value measured using AHP-301 3 or a high-molecular-weight fraction membrane module equal 
to AHP-3013. 

[0027] The biologically active substances of the mushrooms thus obtained are collectively referred to as EEM-S. 
so However, in the case of using the mycelia of the mushrooms as the raw material, the yield of the biologically active 
substance varies depending upon culture conditions. Therefore, it is necessary to select an optimum culture medium, 
culture temperature, and the like. Moreover, physicochemical properties may differ depending upon the species of 
mushrooms. 

[0028] For example, the biologically active substance EEM-S produced using Hypsizygus marmoreus as the raw 
55 material (hereinafter may be called "EEM-SB") exhibits physicochemical properties shown in Example 1 . The biolog- 
ically active substance EEM-S produced using Flammulina velutipes as the raw material (hereinafter may be called 
"EEM-SE") exhibits physicochemical properties shown in Example 5. The biologically active substances EEM-S pro- 
duced using Lentinus edodes, Grifola fondosa, and Pholiota nameko, respectively, as the raw material (hereinafter 
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may be called "EEM-SS", "EEM-SM", and "EEM-SN", respectively) have ultraviolet and visible absorption shown in 
FIGS. 1 to 5. 

[0029] Although there are small differences in the physicochemical properties, these biologically active substances 
exhibit high biological activity in comparison with a simple hot water extract of each mushroom, as shown in Example 

5 6. Therefore, these biologically active substances are considered to have common properties. 

[0030] The above-described biologically active substance EEM-S exhibits biological activity through oral adminis- 
tration. The dose of EEM-S through oral administration to obtain the predetermined effects differs depending upon the 
age and the weight of a person, purpose, and the like. The dose of EEM-S is generally 200-5000 mg, and preferably 
1000-3000 mg per day for an adult. It is suitable that the above amount be separately administered several times per 

10 day. 

[0031 ] The biologically active substance EEM-S of the present invention may be prepared as a powdered preparation , 
granule preparation, capsule preparation, or liquid preparation using a conventional method. However, since the bio- 
logically active substance EEM-S may be discolored or deteriorate when allowed to stand in air due to absorption of 
moisture, it is preferable to use the biologically active substance EEM-S as a tablet provided with a film coat. As the 
is film coat material, a soybean peptide, a shell resin material, and the like are preferable. Absorption of moisture may 
not be securely prevented using other film coat materials, whereby the biologically active substance may be discolored 
or deteriorate. 

EXAMPLES 

20 

[0032] The present invention is described below in more detail by examples. The following examples take anticancer 
effects as an example of the biological activity. However, the biological activity of the substance of the present invention 
is not limited to the anticancer effects. The substance of the present invention has the above-described biological 
activity. 

25 

Example 1 

[0033] 1 000 g of Hypsizygus marmoreus was finely ground and extracted with hot water. A precipitate was removed 
from the resulting extract using a PS-88 membrane (manufactured by Ohtsuka Jitsugyo Co., Ltd.). A fraction containing 

30 high-molecular-weight substances (molecular weight of 6, 000 or more) was concentrated from the hot water extract 
using a module-type hollow filter membrane for low-molecular-weight fractions ("AIP-3013" manufactured by Asahi 
Kasei Corporation). High-molecular-weight substances (molecular weight of 50,000 or more) were removed from the 
concentrate using a module-type hollow filter membrane for high-molecular-weight fractions ("AHP-3013" manufac- 
tured by Asahi Kasei Corporation). The resulting solution was concentrated using a low-molecular-weight fraction mem- 

35 brane module AIP-3013. A biologically active substance EEM-SB having a molecular weight of 6, 000-50,000 was 
obtained by the above continuous treatment. 

<Physicochemical properties of EEM-SB> 

40 [0034] 

(1) Ultraviolet absorption (UV absorption at 370-190 nm in water was measured): maximum value: 258.0 nm (ab- 
sorption curve is shown in FIG. 1) 

(2) Infrared absorption (measured using ATR method): maximum value (cm" 1 ) : 218, 1560, 1396, 1032 (absorption 
45 curve is shown in FIG. 6) 

(3) 1 H-NMR (measured in D 2 0): FIG. 8 shows the chart. 

(4) 1 C-NMR (measured in D 2 0): FIG. 10 shows the chart. 

(5) Protein content : 24.3% 

(6) Carbohydrate content: 27.0% 

50 (7) Ratio of essential carbohydrates: glucose:galactose:mannose = 1 8:2:1 

(8) Amino acid composition: aspartic acid; 9.0%, glutamic acid; 16.1%, glycine; 9.1%, alanine; 12.5%, valine; 5.7%, 
arginine; 5.6%, ornithine; 7.8% 

(9) Elementary analysis value: C: 36.2%, H: 6.0%, N: 5.8% 

55 [0035] The EEM-SB thus obtained can be powdered by freeze-drying. A tablet which can be orally administered is 
formed by tableting the powder. 
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Example 2 

[0036] 500 g of Lentinus edodes was ground and extracted with hot water. A precipitate was removed from the 
resulting extract using a PB-88 membrane (manufactured by Ohtsuka Jitsugyo Co., Ltd.). A fraction containing high- 

5 molecular-weight substances was concentrated from the hot water extract using a module-type hollow filter membrane 
for low-molecular-weight fractions ("Al P-301 3" manufactu red by Asahi Kasei Corporation) . High-molecular-weight sub- 
stances were removed from the concentrate using a module-type hollow filter membrane for high-molecular-weight 
fractions ("AHP-SOIS" manufactured by Asahi Kasei Corporation). The resulting solution was concentrated using a 
low-molecular-weight fraction membrane module AlP-301 3. The ultraviolet absorption curve of the resulting biologically 

io active substance EEM-SS in water is shown in FIG. 2. 

[0037] The EEM-SS thus obtained can be powdered by f reeze-drying. A tablet can be formed by tableting the powder. 

Example 3 

15 [0038] 1000 g of Grifota fondosa was extracted with hot water. The extract was filtered by means of suction using a 
molecular sieve membrane ("PM-2" manufactured by Ohtsuka Jitsugyo Co., Ltd.) to remove fungus bodies. A low- 
molecular-weight fraction (molecular weight of 6,000 or less) was removed by dialysis with running water using a 
permeable membrane. A high-molecular-weight fraction was removed from the resulting solution using a hollow mo- 
lecular sieve membrane (AHP-3013) to obtain a biologically active substance EEM-SM. 

20 [0039] The ultraviolet absorption curve of the resulting biologically active substance EEM-SM in water is shown in 
FIG. 3. 

Example 4 

25 [0040] 1 000 g of Pholiota nameko was extracted with hot water. The extract was filtered by means of suction using 
a molecular sieve membrane ("PM-2" manufactured by Ohtsuka Jitsugyo Co., Ltd.) to remove fungus bodies. A low- 
molecular-weight fraction (molecular weight of 6,000 or less) was removed by dialysis with running water using a 
permeable membrane. A high-molecular-weight fraction was removed from the resulting solution using a hollow mo- 
lecular sieve membrane (AHP-3013) to obtain a biologically active substance EEM-SN. 

30 [0041] The ultraviolet absorption curve of the resulting biologically active substance EEM-SN in water is shown in 
FIG. 4. 

Example 5 

35 [0042] 1 000 g of Ftammulina velutipes was extracted with hot water under reflux to obtain 1 07 g of an extract. The 
extract was dissolved in water and dialyzed in a dialysis tube to obtain a fraction containing high-molecular-weight 
substances (molecular weight of 6,000 or more) in the permeable membrane. The fraction containing high-molecular- 
weight substances was treated using a molecular sieve membrane PM-1 0 to remove high-molecular-weight substances 
(molecular weight of 50,000 or more), and then freeze-dried to obtain a substance containing a high concentration of 

40 EEM-SE with a molecular weight of 6,000-50,000. This substance was prepared as a powdered preparation. 

<Physicochemical properties of EEM-SE> 

[0043] Physicochemical properties of biologically active substance EEM-SE: 

45 

(1 ) Ultraviolet absorption (UV absorption at 370-1 90 nm in water was measured): maximum value: 258.4 nm (ab- 
sorption curve is shown in FIG. 5) 

(2) Infrared absorption (measured using an ATR method) : maximum value (cm" 1 ) : 3279, 2927, 1578, 1400, 1043 
(absorption curve is shown in FIG. 7) 

so (3) 1 H-NMR (measured in D 2 0): FIG. 9 shows the chart. 

(4) 1 C-NMR (measured in D 2 0): FIG. 11 shows the chart. 

(5) Protein content : 12.7% 

(6) Carbohydrate content: 9.8% 

(7) Ratio of essential carbohydrates: glucose:galactose:mannose = 16:3:1 

55 (8) Amino acid composition: aspartic acids; 9.1% : glutamic acid; 17,7%, glycine; 14.8%, alanine; 21.9%, valine; 

11 .8%, arginine; 6.8%, ornithine; 12.6% 
(9) Elementary analysis value: C: 36.5%, H: 6.6%, N: 3.5% 
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Example 6 

[0044] A powdered preparation was prepared using the biologically active substance EEM-S obtained in Example 
1,2,3, or 5, and subjected to the following anticancer test. Anticancer activity was determined by comparing the survival 
rate between the biologically active substances of the examples and a control group. The results are shown in Table 1 . 

(Anticancer test) 

[0045] Female BDF1 mice were subcutaneously transplanted with viable Lewis lung carcinoma cells. The biologically 
active substance EEM-S obtained in each example was suspended in purified water and orally administered to the 
mice at a dose of 500 mg/kg per day for 20 days from the next day. The survival rate was calculated from an average 
survival period of the mice in a control group in which only purified water was administered, in groups in which a hot 
water extract of the mushroom was administered, and in groups in which the biologically active substance obtained in 
Examples 1 , 2, 3, or 5 was administered. The results are shown in Table 1 . 

(Results) 

[0046] 



TABLE 1 



Sample 


Average survival period (day) 


survival rate (%) 


Control group 


26.2 




Hypsizygus marmoreus hot water extract 


30.2 


15.3 


Lentinus edodes hot water extract 


30.0 


14.5 


Grifola fondosa hot water extract 


29.8 


13.9 


Flammulina velutipes hot water extract 


30.2 


15.1 


Biologically active substance EEM-SB of Example 1 


38.2 


45.8 


Biologically active substance EEM-SS of Example 2 


36.0 


37.4 


Biologically active substance EEM-SM of Example 3 


35.2 


34.4 


Biologically active substance EEM-SE of Example 5 


36.8 


40.6 



INDUSTRIAL APPLICABILITY 

[0047] According to the present invention, substances having high biological activity are easily and efficiently ob- 
tained from edible mushrooms, and products useful as drugs or health foods are obtained. 



Claims 

1. A biologically active substance EEM-S obtained by extracting at least one mushroom selected from Lentinus edo- 
des, Flammulina velutipes t Hypsizygus marmoreus, Pleurotus ostreatus, Pholiota nameko, Grifola fondosa, Vol- 
variella speciosa ver. speciosa, Lyophllum decastes, Blanc du pays, Tricholoma matsutake, Ganoderma lucidum, 
and Pheflinus yucatensis (Phellinus linteus), with water, a hydrophilic solvent, or a mixed solvent of these, and 
collecting a fraction having a molecular weight of 6, 000-60, 000 from the extract using a molecular sieve method. 

2. The biologically active substance EEM-S according to claim 1 , wherein the maximum value of ultraviolet absorption 
in water is 255-260 nrn. 

3. The biologically active substance EEM-S according to claim 1 or 2, wherein the hydrophilic solvent is a lower 
alcohol having 1-4 carbon atoms. 

4. A biologically active substance EEM-SB obtained by extracting Hypsizygus marmoreus with water, a lower alcohol 
having 1-4 carbon atoms, or a mixed solvent of these, and treating the extract using a molecular sieve method, 
the biologically active substance EEM-SB having a molecular weight of 6,000-60,000, a maximum value of ultra- 
violet absorption in water of 255-260 nm, a maximum infrared absorption wave number of 1560, 1396, and 1032 
cm- 1 (including an error of ±50 cm" 1 ), a protein content of 20-30%, a carbohydrate content of 22-32%, and an 
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amino acid composition (molar ratio) of aspartic acid; 9.0%, glutamic acid; 16.1%, glycine; 9.1%, alanine; 12.5%, 
valine; 5.7%, arginine; 5.6%, and ornithine; 7.8% (including an error of ±3%); and containing glucose as an essential 
constituent carbohydrate. 

5. A biologically active substance EEM-SE obtained by extracting Flammulina veiutipes with water, a lower alcohol 
having 1-4 carbon atoms, or a mixed solvent of these, and treating the extract using a molecular sieve method, 
the biologically active substance EEM-SE having a molecular weight of 6,000-60,000, a maximum value of ultra- 
violet absorption in water of 255-260 nm, a maximum infrared absorption wave number of 3259, 2927, 1578, 1400, 
and 1043 cnrr 1 (including an error of ±50 cm' 1 ), a protein content of 8-18%, a carbohydrate content of 5-10%, an 
amino acid composition (molar ratio) of aspartic acids; 9.1 % : glutamic acid; 1 7.7%, glycine; 1 4.8%, alanine; 21 .9%, 
valine; 11.8%, arginine; 6.8%, ornithine; 12.6% (including an error of ±3%); and containing glucose as an essential 
constituent carbohydrate. 

6. A process for producing a biologically active substance EEM-S, comprising: extracting at least one mushroom 
selected from Lentinus edodes, Flammulina veiutipes, Hypsizygus marmoreus, Pleurotus ostreatus, Pholiota 
nameko, Grifola fondosa, Vofvariella speciosa ver. speciosa, Lyophltum decastes, Blanc du pays, Thcholoma mat- 
sutake, Ganoderma fucidum, and Phellinus yucatensis (Phellinus linteus), with water, a hydrophilic solvent, or a 
mixed solvent of these, and treating the extract using a molecular sieve method to collect a fraction having a 
molecular weight of 6,000-60,000. 

7. The process for producing a biologically active substance EEM-S according to claim 6, wherein the hydrophilic 
solvent is a lower alcohol having 1-4 carbon atoms. 

8. The process for producing a biologically active substance EEM-S according to claim 6 or 7, wherein the molecular 
sieve method uses a molecular sieve membrane (flat membrane), a hollow fitter membrane, a permeable mem- 
brane, or molecular chromatography. 

9. A drug comprising the biologically active substance according to any one of claims 1 to 5 as an active ingredient. 

10. The drug according to claim 9, which is an anticancer agent. 

11. The drug according to claim 9 or 10, which is in the form of a tablet, powder, granule, capsule, or liquid. 

12. The drug according to claim 9, 10, or 11, which is a tablet coated with a soybean peptide and/or shell resin film 
coat material. 
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